INTERCOOLER SYSTEM AND METHOD FOR A 
SNOWMOBILE WITH A SUPERCHARGED ENGINE 

5 Cross Reference to Related Applications 

This patent application claims the benefit of United States patent application 
serial number 10/136,113, filed May 2, 2002, which is incorporated herein by reference. 

10 Background Of Invention 

The present invention relates to snowmobiles, and more particularly to 
snowmobiles with engines having air chargers such as exhaust-driven (turbo) or 
mechanical superchargers. 

15 Conventionally, snowmobiles have been made small and light weight, yet have 

relatively powerfiil engines in order to appeal to the typical snowmobile driver. Because 
of the small size, the packaging of the components in a snowmobile is critical. 
However, due to its sporting nature, it is also desirable to have a snowmobile that is 
powered by an engine that is not only efficient and light weight, but also generates 

20 significant power for its size. So, traditionally, two cycle engines have been used to 
power snowmobiles. These engines have the advantage that they are powerfiil, yet 
relatively light weight and compact. One particular disadvantage to the two cycle engine 
is its emissions - it generally exhausts more hydrocarbons and other pollutants than an 
equivalent four cycle engine due to cylinder charging inefficiencies and the combustion 

25 of lubricating oil, among other things.' Also, the two cycle engine tends to operate at a 
relatively high noise level. With concern for the environment and increasing strict 
emissions requirements being instituted by governments, it is increasingly desirable to 
use four cycle engines with snowmobiles. 

But a naturally aspirated four cycle engine generally produces less specific output 

30 per liter of engine displacement than does a two cycle engine. It is not practical to 
merely increase the engine size due to the size and weight limitations present in 
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packaging an engine in a snowmobile. Furthennore, the typical transmission employed 
in a snowmobile limits the upper end of the RPM range for the engine. To increase the 
output of a particular four cycle engine, then, one may wish to employ an air charging 
system, such as a turbocharger (exhaust driven compressor) or a supercharger 
5 (mechanically driven compressor). However, a conventional air charger will require the 
use of a higher grade of gasoline in order to avoid detonation and pre-ignition problems 
(i.e. engine knock), which can over time significantly reduce the useful life of an engine. 
This higher grade of gasoline is not always available to a snowmobile driver along the 
various trails that he may travel. 
10 Thus, it is desirable to have a snowmobile that is powered by a four cycle engine 

which overcomes the drawbacks of limited engine output, while still remaining relatively 
small and light weight. In particular, it is desirable to have an air charging system that 
maximizes the engine output while not requiring a premium grade of gasoline. 

15 Summary Of Invention 

In its embodiments, the present invention contemplates a snowmobile. The 
snowmobile has a chassis that includes a track tunnel portion having a front end, with 
the front end of the tunnel portion including an intercooler opening, and a wall located 
20 adjacent to the front end of the track tunnel and the intercooler opening defining a 
snow/ice retention area. A track is located within the tunnel portion, and an engine, 
having an air intake assembly, an air charging system and an exhaust assembly, is 
mounted to the chassis. The snowmobile also has an intercooler system including a heat 
exchanger being disposed adjacent to the intercooler opening and the wall, with the heat 
\ 25 exchanger including a charge air inlet and a charge air outlet, and with the charge air 

inlet being in fluid communication with the air charging system and the charge air outlet 
being in fluid communication with the air intake assembly; and a screen covering the 
intercooler opening. 

The present invention further contemplates a method of operating a snowmobile 
30 engine having an air charging assembly and an air intake assembly, the method 
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comprising the steps of: compressing intake air in the air charging assembly; locating 
snow/ice on a first heat exchanger by providing a snow/ice retention area adjacent to the 
heat exchanger, and causing snow/ice to be propelled into the snow/ice retention area; 
passing an intercooler liquid through the first heat exchanger to thereby transfer heat to 
5 the snow/ice; passing the intercooler liquid through a second heat exchanger; passing the 
compressed intake air through the second heat exchanger to thereby transfer heat to the 
intercooler liquid; directing the compressed intake air into the air intake assembly; 
monitoring operating conditions of the engine; and injecting the intercooler liquid into 
the air intake assembly under a predetermined set of the operating conditions. 

10 In its embodiments, the present invention also contemplates a method of 

operating a snowmobile engine having an air charging assembly, an engine air intake 
assembly, the method comprising the steps of: compressing intake air in the air charging 
assembly; providing a snow/ice retention area adjacent to a heat exchanger; causing 
snow/ice to be propelled into the snow/ice retention area; passing ram air through the 

15 heat exchanger and the snow/ice; passing the compressed intake air through the heat 
exchanger to thereby transfer heat to the snow/ice; and directing the compressed intake 
air into the air intake assembly. 

An advantage of an embodiment of the present invention is that a four stroke 
engine may be employed with a snowmobile, producing sufficient engine output, while 

20 remaining relatively small and light weight. 

Another advantage of an embodiment of the present invention is that the charged 
air engine in the snowmobile need not require a premium grade of gasoline to operate 
properly. 

A further advantage of an embodiment of the present invention is that the 
25 intercooler heat exchanger, by employing snow/ice to cool the charge air, is very 

efficient, allowing it to be relatively small and light weight. This efficiency also allows 
for minimum pressure loss in the charge air as it is being cooled in the heat exchanger, 
thus allowing for a relatively smaller size turbine in the air charger assembly while still 
providing sufficient pressure in the engine air intake. This allows for easier packaging of 
30 the components as well as reduced cost. 
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An added advantage of an embodiment of the present invention is that the engine 
cold start capability is improved since the engine will operate at higher compression 
ratios than would otherwise be possible with regular grade gasoline. 

Another advantage of an embodiment of the present invention is that there is 
5 minimal turbo lag in the system since the total air volume in the engine system is kept to 
a minimum. 

A further advantage of an embodiment of the present invention is that the 
intercooler system for the air charger is effective even during operation of the 
snowmobile imder high engine load, low forward speed conditions, such as when 
10 climbing a hill. 

An additional advantage of an embodiment of the present invention is that a 
portion of the intercooler liquid can be injected into the charge air, thus removing 
additional heat from the air charge. 

15 Brief Description Of Drawings 

Fig. 1 is a schematic side view of a snowmobile in accordance with the present 
invention; 

Fig. 2 is a schematic view of the snowmobile, including the engine and air 
20 charging system of the present invention; and 

Fig. 3 is a view similar to Fig. 2, but illustrating an alternate embodiment of the 
present invention. 

Detailed Description 

25 

Figs. 1-2 illustrate a snowmobile 20, which includes a chassis 22 upon which is 
mounted a hood 24 and a seat 26, with a windshield 25 between them. A pair of front 
skis 28 (only one shown) are each connected to the chassis 22 via a front suspension 30 
and are connected to a steering assembly 32. An engine 34 is mounted to the chassis 
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under the hood 24. A rear portion of the chassis 22 forms a track tunnel 36, which is 
generally located under the seat 26. 

Within the track tunnel 36 is mounted a drive track 38. The drive track 38 is a 
loop of rubber (or other suitable) material and includes paddle-like cleats 40. The drive 
5 track 38 is generally supported by a pair of rear idler wheels 42, a front lower idler wheel 
44 and a front drive wheel or sprocket 46. Since the invention does not deal with the 
details of the suspension system for the front skis 28 or the drive track 38, where any 
details of these suspension systems are discussed or shown, any conventional structure 
may be utilized as may be readily apparent to those skilled in the art. Preferably, there is 
10 a rubberized snow flap 47, which is mounted behind the drive track 38 in order to allow 
more snow/ice to be entrained in the tunnel 36 and moved toward an intercooler opening 
48. 

The track tunnel 36 includes the intercooler opening 48, at the front of the tunnel 
36 and facing backwards toward the front of the drive track 38. There is preferably a 

15 screen 50 covering the opening 48 in order to keep unwanted debris from entering the 
opening 48. The chassis 22 includes a lower wall portion 52 just forward of the opening 
48, forming a snow retention area 54. The size of the opening 48, and the height of the 
wall 52 can be sized, as desired, to trap the appropriate amount of snow/ice in the 
retention area 54. Preferably, the opening should be designed to prevent bridging, which 

20 can prevent the continued introduction of snow/ice to a heat exchanger 56. 

Located just forward of the opening 48, and forming a bottom portion of the 
retention area 54 is the tunnel heat exchanger 56 - this forms part of an intercooler 
system 57. The heat exchanger 56 includes cooling fins, upon which snow/ice held in 
the retention area 54 falls. The tunnel heat exchanger 56 is mounted to the chassis 22, 

25 which are both usually made of aluminum. The heat exchanger 56 includes an air inlet 
58 and an air outlet 60. The heat exchanger 56 can be, for example, a plate-and-shell or 
an extruded-tube heat exchanger. The later is preferred, and, since, as will be discussed 
below, the heat transfer is very efficient, the passage size of its extruded tubes can be 
relatively large, thus minimizing the pressure loss in the charge air as it passes through 
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the tubes, from the inlet 58 to the outlet 60. There is a flap 62, located on the forward 
underside of the heat exchanger 56. 

The chassis 22 also includes a ram air duct 64 located forward of the heat 
exchanger 56. It has an opening facing forward and extends rearwardly to the heat 
5 exchanger 56, creating a path for air to flow to the heat exchanger 56. 

The engine 34 has an air intake manifold 66, which is connected to the outlet 60 
of the tunnel heat exchanger 56, and an exhaust manifold 68, which is connected to a 
turbine 72 in an air charging assembly 70. The air charging assembly 70 also includes a 
compressor 74, which is connected to the air inlet 58 of the heat exchanger 56. The air 

10 charging assembly 70 illustrates a turbocharger, but as would be clear to one skilled in 
the art, a supercharger assembly may be employed instead. The engine 34 will include 
some type of engine cooling system (not shown), which may employ, for example, air 
cooling or liquid cooling - but this system does not form part of the present invention, 
and can be conventional in nature, so it will not be discussed further herein. 

15 In this embodiment, the tunnel heat exchanger 56 acts as the primary intercooler 

element for cooling the charge air. One will note that the heat exchanger 56 location is 
ideal since it is adjacent to the track 38 at a very good location for receiving snow/ice, 
and is also located close to the engine 34, thus minimizing the volume of air in the 
system. Otherwise, the turbo-lag could increase dramatically. 

20 The operation of the snowmobile 20 will now be described. When the engine 34 

is started, the exhaust from the engine 34 will drive the air charging assembly 70, 
causing intake air to be compressed and pushing the charged air through the heat 
exchanger 56 and into the engine intake manifold 66. As the snowmobile 20 moves 
forward, some of the snow/ice caught in the grooves of the track 38 or on the track cleats 

25 40 is inertially separated and thrown off as that particular portion of the track 56 engages 
the front drive wheel 46. This is due to the abrupt change in track direction at that 
location. The snow/ice is thrown toward the intercooler opening 48 because the opening 
48 is intentionally located in the path of this snow/ice. So this snow/ice is propelled 
through the opening 48 and comes to rest in the retention area 54 on top of the heat 

30 exchanger 56. 
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When referring to snow/ice herein, this generally means water in its solid state, 
but it may also include some liquid water or water vapor, as the case may be, since it 
may be partially melted when initially entering the intercooler system, and of course will 
melt when absorbing heat from the charged air. Thus, the term snow/ice means water 
5 mostly in its solid state, but also includes some liquid water and some water vapor. 

The heat exchanger 56 is oriented to allow for a fall through (or drain through) 
type of flow. This means that, as the charge air flowing through the heat exchanger 56 
gives offbeat to the snow/ice resting on top, the snow/ice melts. The liquid water will 
flow down through the heat exchanger 56, via the normal action of gravity, and continue 

10 to absorb heat until it falls out the bottom the heat exchanger 56 or vaporizes. The ram 
air duct 64 allows air, indicated generally as 76 in Fig. 2, to flow through the duct 64 and 
then through the heat exchanger 56. This ram air duct 64 is optional, but will help to 
enhance evaporative cooling and keep the snow/ice piled on top of the heat exchanger 56 
moving. In the alternative, a moving blade (not shown) can be employed to keep the 

15 snow/ice in the retention area 54 moving and break it up. The flap 62, which is optional, 
is.mounted against the heat exchanger 56, and will retain some of the melted snow/ice 
that has melted and dropped through the tunnel heat exchanger. This water will then 
boil off as it absorbs additional heat. 

Since the heat exchanger 56 is directly mounted to the chassis 22, and both are 

20 preferably made of aluminum, which is a good heat transfer material, the chassis 22 will 
also absorb some of the heat from the heat exchanger core 56, fiuther improving the 
overall efficiency of the system. 

When the intake air is compressed, by the air charging system 70, its temperature 
increases. But, since hot air contains less energy-providing oxygen by volume than 

25 cooler air, it will produce less power. A cooler charge of air is denser and can be mixed 
with more fuel to increase engine output. Additionally, cooler charge air reduces the 
tendency for engine detonation (spontaneous combustion). Thus, an effective intercooler 
can greatly improve the engine output. 

The efficiency of the intercooler is obtained due in part to the fact that water, 

30 when changing phase from a solid to a liquid or a vapor can absorb a very large amount 
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of heat - significantly more heat than just air or water at ambient temperature. The high 
heat transfer rate means that the heat exchanger core size can be minimized, while the 
charge air temperature is lowered substantially - even below ambient air temperature 
under certain conditions. With the very efficient cooling, the tubes through which the 
5 charge air flows can be made less restrictive, thus minimizing the pressure drop across 
the heater core. By minimizing the pressure loss, the charge air density is improved. 
Further, by significantly cooling the charge air, this allows for an increase in intake 
manifold pressure without serious predetonation (i.e. engine knock) concerns, which 
allows one to obtain even higher performance levels from the engine. 

10 In the first embodiment, the tunnel heat exchanger 56 is a charge air-to-snow/ice 

heat exchanger, which acts directly as the charge air intercooler. Other intercooler 
system configurations are possible where the tmmel heat exchanger 56 does not directly 
cool the charge air, as will be discussed in more detail below in regard to Fig. 3. 

Fig. 3 illustrates a second embodiment of the snowmobile 120 of the present 

15 invention. In this embodiment, elements that are the same as in the first embodiment 
will be designated with the same element numbers, but those that have changed or been 
added will be designated with 100 series numbers. 

In this embodiment, the charge air is not directly cooled by the tunnel heat 
exchanger 156. A secondary loop, an intercooler liquid loop 178, is added to improve 

20 the cooling performance of the intercooler system 157 under certain operating 

conditions. This intercooler liquid loop 178 includes a liquid container 180, which holds 
intercooler liquid 182. The intercooler liquid 182 is preferably an inexpensive, easily 
obtainable fluid, such as, for example, windshield washer fluid used with automotive 
vehicles. Although, if one prefers, other suitable liquids may be employed. The 

25 container 1 80 is connected to a pump 1 84, which, in turn, is in fluid communication with 
the inlet 158 to the tunnel heat exchanger 156. The outlet 160 to the tunnel heat 
exchanger 156 is in fluid communication vdth an inlet 185 to a charge air-to-liquid heat 
exchanger 186, which, in tum, is in fluid communication with the liquid container 180. 
The pump 184 is also in fluid communication with the charge air output of the air 

30 charging assembly 1 70, via an injector valve 1 87. The intercooler liquid 1 82 can be 
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injected into the charge air in order to control engine knock under certain engine 
operating conditions. 

The tunnel heat exchanger 156 is again mounted below a snow retention area 54 
in front of an intercooling opening 48, which is again at the front of the track tunnel 36 
5 in front of the track 38. But, in this second embodiment, the tunnel heat exchanger 156 
is a liquid-to-snow/ice heat exchanger, and acts as a secondary intercooler element, with 
the charge air-to-liquid heat exchanger 1 86 being the primary intercooler element. Thus, 
the tunnel heat exchanger 156 employs the snow/ice to cool the liquid 182, which, in 
turn, is employed to cool the charge air. 

10 The compressor 1 74 of the air charging assembly 1 70 is connected to an air inlet 

of the heat exchanger 1 86, and an outlet of the heat exchanger 1 86 is connected to the 
engine intake manifold 166. A wastegate 188 couples to the turbine 172 to allow for 
exhaust bypass of the turbine 172 if the pressure of the charge air is too high. The 
wastegate 188 and the injector valve 187 are controlled by an engine control unit 190, 

15 based upon inputs from an intercooler liquid level sensor 191, a charge air temperature 
sensor 192, and a knock sensor 193, in addition to other conventional inputs to the 
engine control unit 190. 

While the intercooler system 157 of the second embodiment is more complicated 
than that in the first embodiment, it provides advantages that allow for ftirther 

20 enhancements to performance. Under limited engine operating conditions, such as for 
transient operation, when engine knock is more difficult to control, as is indicated by the 
knock sensor 193 detecting engine knock, some of the intercooler liquid 182 can be 
metered into the intake manifold 166 in order to control the knock. If the level sensor 
191 indicates that the liquid level is not sufficient to meter some into the intake, then the 

25 engine control unit 190 can limit some other engine function in order to prevent knock, 
instead of metering the liquid 182 into the air intake. Further, the thermal mass of the 
intercooler liquid 182 can be used to lower the charge air temperature under transient 
operation because the thermal mass can prevent a rapid rise of charge temperature. 
While certain embodiments of the present invention have been described in 

30 detail, those familiar with the art to which this invention relates will recognize various 
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alternative designs and embodiments for practicing the invention as defined by the 
following claims. 
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